INTRODUCTION
In many cases water-soluble polymers give rise to substantial viscosity increases when dissolved in water. Therefore, a large number of water-based systems used in practical application contain polymers to control the viscosity. Drastic changes of the viscosity may be observed if the systems contain both polymer and surfactants. They are found in food preparations, cosmetic and detergent formulations, and pharmaceutical compositions. In these systems, any interaction between the polymer and surfactant can be of considerable importance, because it can result in beneficial properties or cause serious problems. Therefore, the polymer-surfactant interaction has been subject of intense research in the past years, and many facts of polymer surfactant complexation have been reviewed (1, 2) . Among different types of polymer-surfactant systems the strength of the interaction varies considerably, what affects the structure and composition of polymer-surfactant complexes and the mechanisms of the association phenomena (3, 4) .
In the systems charged polymer-oppositely charged surfactant, in general, the interactions are significantly stronger than those in uncharged polymer-charged surfactant systems because of dominant electrostatic forces, although hydrophobic interaction may play an additional role. The interaction between polyelectrolytes and oppositely charged surfactants starts at a very low surfactant concentration (5) . With increasing surfactant concentrations the strong electrostatic interaction often leads to precipitation of polyelectrolyte-surfactant complex. This situation can greatly influence the properties of such systems and complicate investigation on polyelectrolyte-surfactant systems. In order to avoid precipitation of the complex, the binding strength must be reduced by addition of a salt and nonionic surfactant (1, 6) .
One of the most significant aspects of polymer-surfactant systems from practical point of view is that of rheology control and viscosity enhancement. In the concentrated oppositely charged polyelectrolyte-surfactant systems, when they are present in a ratio close to charge neutralization, the separated complex is highly viscous gel, which exhibits specific rheological properties. The rheological properties of the system change in accordance with the binding strength and the mechanisms of interaction (7) .
In this paper interaction between anionic polyelectrolyte sodium carboxymethylcellulose (NaCMC), as one of the most applied hydrocolloids in the food industry, and cationic surfactant cethyltrimethylammonium bromide (CTMAB), has been investigated by rheological measurements. Since the interaction between NaCMC and CTMAB is very strong the binding strength is reduced by adding of simple electrolyte NaBr and nonionic surfactant Tween 80.
EXPERIMENTAL
Sodium carboxymethylcellulose degree of substitution 0.77, obtained from "Milan Blagojević" -Lučani, Serbia and Montenegro, as anionic polyelectrolyte, was used. Average molecular mass of NaCMC was 116,000 g/mol, determined by intrinsic viscosity method and the Mark-Houwink relationship (8) . Cationic surfactant, CTMAB, and nonionic surfactant, polyoxyethylene sorbitan monooleate (Tween 80), product of "Serva"-Germany, were used.
To investigate the influence of CTMAB/NaCMC interaction on rheological properties of the system, three series of solutions were prepared: 1. 2.5% (w/w) NaCMC in the presence of various concentrations of CTMAB, expressed as CTAB/NaCMC mass ratio from 0.05/1 to 3.6/1, (grams of CTAB per gram of NaCMC). 2. Mixture of 2.5% (w/w) NaCMC and 2,5% (w/w) Tween 80 (T-80) in the presence of various concentrations of CTMAB and 1.5% NaBr. 3. 2.5% (w/w) NaCMC in the presence of various concentrations of CTMAB/T-80 mixture (constant mass ratio of CTMAB/T-80 = 1.8/1) and 1.5% NaBr.
The solutions were prepared in a way that in the proper concentration of NaCMC solution, after hydration of 24 h, CTMAB solution was slowely added, while mixing to obtain a desired CTMAB/NaCMC mass ratio. Before rheological measurement solutions were left for 24 h to attain equilibrium.
In order to prevent precipitation, solutions 2 and 3 were prepared in 1.5% NaBr and in the presence of nonionic surfactant Tween 80. Nonionic surfactant was added to the solution of NaCMC, either alone 2, or together with CTMAB in the form of mixed micelles, 3.
Rheological measurements were performed by rotational viscometer RV 20 (Haake, Germany) at the of 20 o C. Continuous loop hysteresis method was applied (9) . Shear stress τ (Pa) was determined with continually increasing the shear rate D (s -1 ) from zero to maximal one (D max =712 s -1 ), up-flow curve (→), and then (after 10 min shearing at D max ) the reverse, down flow-curve (←), by an acceleration/deceleration of the viscometer rotor revolution of 400 min -2 . If up-and down-flow curves form a hysteresis loop, the loop area is characterized by the coefficient of thixotropy K, defined elsewhere (10 ) as:
where n is the number of differences ∆τ i = τ i ' -τ i '' of the up (τ ' ) and down (τ '' ) flow curves for the given D i values. A negative value for the coefficient K characterizes rheopectic behavior of the system, i.e. antithixotropy.
The up-flow curves of the system can be presented by the known Ostwald-Reiner power law (11):
where the coefficient A is a measure of consistency of the system and n is the degree of non-Newtonian behavior. If the up-flow curve shows a yield value, power law does not satisfy and another flow equation should be used:
where τ o is the yield value, i.e. the value of shear stress at D = 0.
Apparent viscosity was calculated for D max = 712 s -1 as:
RESULTS AND DISCUSSION
Investigations of the interaction between polyelectrolyte and oppositely charged surfactant show that interaction starts at low surfactant concentration, resulting in phase separation of the formed complex as amorphous precipitate (12) . The concentration at which that occurred depends on the nature of polymer and surfactant. During the interaction with surfactant conformation of the polyelectrolyte, i.e. formed complex, changes, which affects rheological properties. In Figure 1 flow curves of 2.5% NaCMC at various CTMAB concentrations are presented. Flow curves of 2.5% NaCMC alone and in the presence of CTMAB concentrations less than CTMAB/NaCMC = 0.4/1 exhibit pseudoplastic behavior. At these concentrations of CTMAB, partial charge neutralization of the ionic COO -group on NaCMC molecules occurs which results in diminishing electroviscose effect and conformational changes of CTMAB/NaCMC complex. Therefore the viscosity of the system is lower compared to the solution of NaCMC. Parameters of the corresponding flow curves are presented in Table 1 . At higher CTMAB concentrations intensity of interaction increases, the system is closer to the charge neutralization and the complexes form aggregates by cross-linking NaCMC molecules over surfactant micelles attached to the NaCMC chains. The interaction between micellar regions was considered to be dominant for the network structure.
In order to prevent precipitation of the CTMAB/NaCMC complexes, i.e. to diminish electrostatic (ionic) interaction between CTMAB and NaCMC molecules, electrolyte 1.5% NaBr, and nonionic surfactant (T-80) were added to the solution. The addition of the electrolyte suppressed dissociation of the ionic group of NaCMC molecules in solution, whereas nonionic surfactant, by adsorption to the NaCMC molecules, produced some screening effect, and therefore the interaction between CTMAB and NaCMC molecules was reduced (1, 5) . Under such conditions, the interaction could be investigated in a broader range of CTMAB concentrations without precipitation of the complexes.
The addition of CTMAB to the mixture of 2.5% NaCMC and 2.5% T-80 in 1.5% NaBr, causes formation of the complex, which significantly increases viscosity of the system. The system shows pseudoplastic behavior up to the mass ratio of CTMAB/NaCMC = 2/1, and rheopectic one at mass ratio 3.6/1, ( Fig. 2) , as well as negative value of the coefficient K, ( Table 2) . Table 2 . The flow curves obeyed the power law, and at increasing concentration of CTMAB, non-Newtonian behavior is more pronounced. At concentration of CTMAB up to the mass ratio 0.8/1, there is no influence of CTMAB-NaCMC interaction on rheological properties of the system because of the screening effect of T-80 molecules attached onto the NaCMC, so that the changes of NaCMC molecules are far from neutralization (1) . Further addition of the surfactant produces formation of mixed micelles CTMAB/T-80 on the NaCMC molecules, and due to ionic and hydrophobic interaction, structure of the formed complex changes to a liquid coacervate (13) , which influences the rheological properties. The rheopectic behavior at mass ratio CTMAB/NaCMC= 3.6/1 could be explained by unfolding the complex in shear and exposing new binding sites that were screened by T-80 molecules. Thit initiates network formation (14) and yields an increase in viscosity. Further addition of CTMAB leads to phase separation of the CTMAB/NaCMC complex in the form of a liquid precipitate. Addition of mixed CTMAB/Tween-80 micelles to the NaCMC solution in 1.5% NaBr, produces an increase in viscosity with increasing concentration of the mixed micelles (Table 3) . Flow curves show a pseudoplastic behavior in the whole range of investigated concentrations of mixed micelles (Fig. 3) . The viscosity changes are proportional to the mixed micelles concentrations and indicate no changes in the complex structure in dependance of either surfactant concentration or the shear. The viscosity of the system is lower than in the case of addition of the nonionic surfactant to the NaCMC solution, and there is no visible phase separation of the coacervate formed. This indicates different mechanisms of complex formation when nonionic surfactant is added to the NaCMC solution or when it is added in the form of mixed micelles with CTMAB (15) . If mixed micelles are added to the NaCMC solution, there are no screening effect produced by nonionic surfactant and ionic interaction occurred immediately after addition of mixed micelles. Also, there is no reorganization of the complexes during interaction, as mixed micelles are formed before interaction. Viscosity increase during the interaction is caused by formation of hydrophilic coacervate, which is homogenously dispersed in the system.
CONCLUSION
The investigations presented in this paper show that strong ionic interaction between anionic polielectrolyte, sodium carboxymethylcelullose-NaCMC and cationic surfactant, cethyltrimethylammonium bromide-CTMAB, leads to phase separation and precipitation of the formed amorphous complex. Rheological properties of the system are influenced by the interaction between NaCMC and CTMAB. Precipitation of the CTMAB/NaCMC complexes could be prevented by adding the electrolyte NaBr and nonionic surfactant Tween 80. In the presence of the electrolyte and nonionic surfactant the ionic interaction is suppressed, the complexes are in a form of liquid coacervate and the viscosity of the system increases. The properties and structure of the formed complexes and rheological behavior depend on the way of nonionic surfactant addition, which indicates that different mechanisms of the CTMAB/NaCMC/Tween 80 complex formation can be involved.
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